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The Influence of Insect Pollination and Artificial Pollination on
Fruit Quality and Economic Profit in the ‘Niitaka Pear
(Pyrus pyrifolia Nakai)

Lee, Kyeong-Yong - Yim, Sun-Hee + Seo, Ho-Jin -
Kim, Sun-Young - Yoon, Hyung-Joo

We compared the fruit set and the quality of the ‘Niitaka’ pear (Pyrus pyrifolia
Nakai) among flowers pollinated by two bee species (Apis mellifera and Bombus
terrestris) and pollinated artificial. The artificial pollination rate was 1.3 to 1.9
times higher than the bee pollination rate. Moreover, the artificially pollinated
flowers produced fruit that was 5 to 10% higher in weight, 2 to 3% larger in size,
and had a higher fruit shape index (L/D) than fruit pollinated by the bees. On
economic analysis, net profit from insect pollinator was 93.5 to 97.1% of net profit
from artificial pollination. Therefore, artificial pollination is more efficient than bee
pollination in ‘Niitaka’ pear. However, regarding fruit quality and net profit, these
results suggest that bee pollination can be an good alternative to artificial pollination
in ‘Niitaka’ pear.

Key words : artificial pollination, insect pollinator, pear, pollination, ‘Niitaka’
cultivar
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U= 1) 3K (Rosaceae), Wl Lol (Pomoideae), Bl UHF-S5(Pyrus)oll 43t A&, A
dHo 2 FEN(P. pyrifolia), T=N(P. ussuriensis) TLE]3L A F8N(P. communis)Z T2
THKim and Kang, 2002; Kim et al., 2009). $-2l\2} vl(P. pylifolia var. culta Nakai) 8] H =
2 2015 71 12,664 ha2 A, =il A AujE = e A2 T A 25, 22 539 H
Bo] sHAZE Fo] Au= L = 4 o] th(Statistics Korea, 2016). E3F, gk=rQlo] A& 8l+=
553 & 7HA AL Qo] tiEE AR o] 85I Q) S (Choi et al., 2004), ZET, T
9 223 HlEgH B9} C, Aol f7E F5E &ZEld A Eo|th(Cho, 2000). = <] HY
£% F 23 (cv. Niitaka)s FU) 8] AU A 9] 81.5%F AA et 7o EFo A 4
Tl FEF FUEFOE 34T QIti(Nam et al, 2014). ‘X131’ FFL oA 2t

frAgel £ FAEHLE &) vl Auidert g, AAdol F
7} A 7F et A o] Fo] A Al ATHRDA, 2013). 1y H2E
ol thall ¢ FHoFg FA7F WS ATHCho et al., 1985).
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%S o] gAY, Q1FFEES sfoFvt FHTKCho et al., 2007; Lee, 2014). 283} 2o 3} ]
MEZS o] &8 A9, T4 A% =598 H, AP it Felg A 5ol ok

e A= WA R S=7} B Q 8} Th(Free, 1993). 314 5F,

]
S ) AR AT g AAACl e BY FF AN FHE FES )

< o o)
g FEF jlo] FEE HFE T AU
A, M AL, 25 5
f5o 2 QI3 7k Agn
= 277 Be A
o] HystE o] 9lal(Mayer,
U o] 54 FFol thste] ¢

237} 7HE A
ArjEEo 7 9l
o] EA| 7} wA3skal th(Lee, 2014; RDA, 2016a). 4 ol 4]
A4 ARy 2, FJd e SRl 2%
1994; Mayer et al., 1994; Van den Eijnde, 1995), ¥] 9] §-Fo]
A2 s Q3] EEoly HAYE 58 FELFTOZA ARESIAL 9 T(Farkas and Orosz-
Kovécs, 2002; Webster, 2002). & ol A3} 28 A7HEEEA vl F50A 2 5
7, Ao nFASE Q8] EHe AH WA RS} YARAY] Foll tigh AT7F YA
Th(Jacquemart et al., 2006; Stern et al., 2004). $-2|U2te} 2o & AHjst= L& A
T, AEFFES sIAY BES ARSI wlE A7) 3L L k(Itai, 2007). 4lar e} 2

AEo A5 o2 MIVIE QA AL EAZE AFFio] BAss o JAFFE
v Au) A7 2AAIZES] 40%E AAEHE 5 wEHo] Bol Aot EAIHe] 9

?_l Z

(Tanaka et al., 2007). ©]¢} 22, 7] Y3l A FEAE 27}
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o} Aol EF7IE £ = HHolY, A'=Ed 2/HRE £33 dEAES VAR At
3= SR o] A% 9 th(Koike and Okajima, 2009). 3207 25S 53 82 7
B HRZES WL Wy FEATE 7|Eo] ATHIE 3 THAkai et al., 1995).
et A 20153 71F Wl 9] AFFEEL 78.9%Z 4 EHTHRDA unpubulished, 2015).
o7/l 3 o]89] 7% 20113 7]+ EHL 23% (5,500 B9 o] &ES HIAT
T ANAAFHAFoF A5 FRE0RE IR 2oy HII L o] &HA v AR XALEH
ATHYoon et al., 2013). #io} HHH Ff S/l ETATEE o A5r]9 7o) e
E o] W335 EAJ(Choi, 1987; Choi and Kim, 1988), Al HijolA E¥ 3} Hgdo| 3
] 7} E2HBae et al., 2003; Lim et al., 2002), ‘213 B E o2 B, AGHY JAFTE
o] R8T Fo] HuHATHLee et al., 2007).

st/ ZEo] skl ®k ofyet AejA Anl2dlA FHAEA BEF 2
B4R AAA 7Ex eF S HE HH ¢ %—R%P &g Td3ta Ath(Allsopp et al., 2008;

BB o S

B ds T Txﬂ 2'ﬂPﬂﬂr i‘ﬁ*@ﬂ%ﬁl HE X4 Oﬂfﬂ sHRupl 2% 55 53 #59
AAFE ) H8S 93 AR Y3)S F43% vl UTHRDA unpubulished, 2016).
A= ZUHRIE sl A FFAA SEuNEEY FEEAE Q] Hsto, Al
B FETTE 407 o) AAE WAT A A 2, I H AFTEY &3
A

L 2% #8253 AP A

A3 \W(Pyrus pyrifolia cv. Nmaka)fﬂw SHEm/ 253 T2 FRad Hudd
L AP E UF FHAAEZLHEY v APz A 20159 42 5UFE] 49 20¢ 7R
TSR A AT T’E“E“%‘% X H G (Bombus terrestris) EXH(4Apis mellifera)
& M-S ASFHIE S T35 AT sHAER E5AA Hol A AARSEE 84
e AHESIATH 82 et TUT ol e A FMFTE AREsHAT Sy
2350 BnE JIFFEE 27 A W) S 7d A F FFY FEe A A
# 3} 2(Bae and Kim, 2002), &o}-& 734

A 83.7% AT AFAA v FF2 11 94 4
FEH FETEA 22 119 A 03w, cgHER, B FF 55 AHESHTH
i 52| 71371 Table 191 YERJATH

Aae BAT =X2 ro] st BAdA = 540 nf W FFTHE 85
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# F 4057} 2o 9}% 249 EAS At 247 APEAG AAE F(mash: 2 mnx2
mm) -2 D H 3T 74 Aolle AFAE AFTFASAIIE L 1007k, 18

A 2w, 9 ok 20007k, 18)E A4 WiAsidY. 4 ATl dF
TR FAYUTE F7 } A s lErETe SRR Bk A 24 A
ol Al 1+T9} TETE A7 354 AAste] AHE ZhEe SFANEAHE 1

=
= =
£ 3ATHCho, 1996). AFFo] HRH WHFE F(mash:
ol &% F71Ad FA S

AT el ARl e A S,

9 247 A o)
9 APTAFRGE QE 200012, SBR)9 B A BTN 59, D oF 10,0009},

i A7Ao A 88 3l T ART 9 o

o= 307H JJré_% Adkete] F8E 5SS ZARIAT F8F 542 Lee 5(2015)9] A

FAZA O Flo AT, AR, T4, @7“0, %—X]'—/F, %E, A= gl AR AR

a1, 7, #8742 Vernier calipers=

5‘% q7](TMS Pro, Food technology corp, USA)E 8 mm 453 9]

& 2 AUdE S =AH3ATHS mm sample move, 100 mm- min™). =

= 4 HEH| FIREY A5ES AFH3 cheese cloth® 253 & tAd FEA

(PR-32 @, ATAGO, Japan)Z ZA3}Jth Atx 2 Agkere AT o 67 d2HE 2530

HF 5 nl S 75 35 mol FASa, 0.1 N NaOHES o] &3] pH 8.37H4 3} 2 A3 3
Atk o 2 Akttt

ot
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r:io
ol

2 FAEs i@""*ﬂr. SIEMEFEEZE HUdFgdo] BHRG 158 & Zas
S Hyow EAZ O «lﬂl g 2po]E R Y THOneway ANOVA test: Fp,1=44.679, p=
0.0001). =A 9] A5, AFFwo] 384%= =3} HOH‘*‘%EE} Zvzy 124, 139 =

239488 B THFp21=3.757, p=0.040). BHI} AU I 2+7F 29.8%9} 26.5% % ,Lx}t,'.ﬂ

? el &L FEs BTt 7 AdT 25 Tx%al%l/l T A 2AAEA AT
ARbA o2 Qgiol BHY MYHGEET k&0l »EE‘r. 53 B4 A5 1 A
ol7F B w3t ol JNE719] A2 To flete, B Wof Ai FFO FETE A
&8 b} wEFu) FFo] S Alare] Hls) 62 AR molA HAAT ol
A ¢hokr] W&o & AZLETHTable 1). ‘A1 FF2 A9 £7HE7E glo] WHEA] ¢$¢

7F 2983ttty B E 9l th(Bae et al., 2003; Lee et al., 2007). E=3F Kim 5(2003) o F

o] A v FFS ATHEZA A A (self unfruitfulness)0] 2 vl 2L F359 171<17]'—Er§-:
A8l FAo] o]FojxA] o, FFA AAE A E HteA SEu|2F 23]
8o =& & FFY FETE Aol vg3rA s sopnt o B sty S
MEFHEE ASFFAIE] 2d3 2 414' o & 779 H#ES e 20159
ARG O v FFE T7IRERL 49 TARE 1747HA] B2 92T 24, 20149
717t 122C BY 3C Fou]stA v kﬂ(T-test: teo=3.622, p=0.002), vl 7H38}7]<l 49 ]
TF2 159 120 mm, 143 19.5 mm= 153 9] 100 mm ©]/d =3}kTH(Table 2). IHEH o2 H
ol EdET A 2olu ¢4 FollA &Fdol %7 wZoll(Free, 1993) AGHIES &
o] #HRT Ao ® &Fo] ¢ Bol £ AAES UEHHS A= A4dn Eﬂ#
EW AL A= A SA 7] o] A 2out o] TS e Fglo] EHEY F

—

i il ot of ol rlo

G5 HAe Ol RBE B JYthCorbet et al., 1993; Yoon et al., 2013).

ZAA RS o] w0 ARt 13228 A% 5 HES BAFUTH 23}
&2 T 7= F83AT, §]’"V"‘Jr°] e 93 A=Y S5 59 R
o= A v, A% 5o 71484

ol Myl Jomg, iﬂiv} %—% Z}ﬂr%% HES Zlolgta A4

& Ades, AR A 5 718 dFo] A vHE AR AdHERE thdzt A
TE& &3 sl 135w g vlart FUHH o R ZAME oo & Ao R
AT Lee 5(2007)2 Bl 28, AGHAGE, derde 5 Al vl 2as
S A At Z4ZE 44.6%, 46.2%, 50.6% slo] oWl ZARS} FARSE AAE HoF
Ak A2 wellA o] AYGFAFES T3 S-S 34%EA], o ZAFNA =] vl HH&
I Z2E FES BAFAT Onk AdudA 27HE7F SR8 FEF F5Q AN S
‘Y= o] ZIgo] ZHz; 72%, 64%= Alare] vl 2u] o] =2 AFRE HAFStH(Bae

et al., 2003). 3209 FeF o ek} oju| ko] dheku] Lol whe} 3|
& o] A4 Eh(Nicolon et al., 2007). ‘213> FF-& 3Ho] §l7] wlol, £}
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BFE 2017 FFo) 5] Hhgo] Wold o2 AzE T, B AT 21T
bR g Al flo] SESE 22l A, Bk, GA FEol UE Hge
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L B3 0@ TUa AFHEe] SRoA TS AT Bty AR FohA0
2, 5 SEwAY B3t Aol oA FFE SRR HEA, o, 2T
of T obmlialat Pof MmE 5o ATE BT Ao puHn

Table 1. Full bloom date of pear cultivar in 2015

Pollinizer
Niitaka
Hwasan Manpungbae Gamcheonbae
Full bloom stage 4.10 4.16 4.16 4.14

U Pear cultivation area: 121 Byeongnyu-gil Geumcheon-myeon Naju-si Jeollanam-do Korea

Table 2. The comparison of weather information at April 2015 and April 2014

Average temperature (C) Accumulated precipitation (mm)
April 2015 9.2+1.6 120.0
April 2014 12.2£2.2 19.5

" Analysis area: Naju-si Jeollanam-do Korea
? Analysis duration for temperature: 4.7-17; Analysis duration for precipitation: 4.1-30
) The average temperature differed significantly between April 2014 and April 2015 (p<0.001, T-test).

Table 3. The fruit set for pollination by A mellifera, B. terrestris and artificiality in pear

orchard
Net screen house Open field
Pollination method
n Fruit set (%) n Fruit set (%)
A. mellifera 26 39.5+3 .4° 6 29.8+43.6™
B. terrestris 26 58.0+3.4° 6 26.5+3.1°
Artificial pollination 12 77.1£2.2° 12 38.443.0°

U Size of net screen house and open field were each 540 nf and 3,000 nf
? The fruit set of pear differed significantly among different pollination method in net screen house and open
field (p<0.0001 and p<0.05 respectively, One-way ANOVA test and Tukey HSD).
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FEYH F Ala wle] 35 540 tg ZALS Table 49} 59 YERJ AT o] ¥
Al AFFEO] 786.5 g+744 g 2 ARG 8 B} 2+ 6.7%, 10.3% B FAR
o FAA Fedol A= A THOneway ANOVA test: Fo57=6.826, p=0.002). 82| &7 3}
GAANAME JAFFEo] AYFAIE, EHETY 247} 2.04.0%, 4.1-7.1% B & J4d A7E

HAHEA: Fos=12.013, p=0.0001; 37: Fus,=6.372, p=0.003). & W 2 FolAE &

AZQl 2po]Z Holx| gkoy} HHAF(L/D)E AFFE 88.2%, AUHYY 86.6%, B

< FES e ATHFps7=2.641, p=0.077). AWZ O 2 AFFH
TRt #AHo A7Vt A3 FART A FHLdS
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= 9.07 B} Eo] 952 ¥ &2 A
& Ho| B AFe} 2polE Bl m 5(2002)°] EHI} JAFFES T vje 5
EAS vug A7 J1FFEe] EHEY A5 HAA o =2 2

ZARSE FAFSEATE Hle] A7y A= HAEolu, AAHS 5% 77 Yudx T FH,
HEj#e] SolA 2ol BY 4 A1, AT JA 7 A% 250 &

zto] & 71dEA FFES HE F JoBE ol A7 AHARI Hlu e

F th(Hayashi, 1960; Lee et al., 2001; Lee et al., 2015).

)
5

Table 4. Fruit weight, size and shape parameter of different pollination method in ‘Niitaka’

pear
Weight Length Diameter Fruit shape
Pollination method n
® (m) (mm) L/D (%) |No. of Seed
A. mellifera 30 | 713.0£64.1° | 962443 | 112.343.7° | 85.6+2.9° 6.242.4
B. terrestris 30 | 737.0£94.1° | 99.0+6.5° | 114.545.9® | 86.6+5.6° 5.942.8
Attificial pollination 30 | 786.5£74.4% | 103.045.3* | 116.944.9" | 88.2+4.4° 6.9+2.1

V' 1/D: Fruit length value/fruit diameter value
? The Weight, length, dimeter and L/D value differed significantly among different pollination method in ‘Niitaka’
pear (p<0.001, One-way ANOVA test and Tukey HSD).
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Table 5. Fruit quality parameters of different pollination method in ‘Niitaka’ pear

Pollination method n Firmness (N) Soluble solids (°Brix) | Titratable acidity (%)
A. mellifera 30 2.5+0.4 12.7+0.4* 0.13+0.02
B. terrestris 30 2.6£0.4 13.1+0.8" 0.1440.11
Artificial pollination 30 2.6+0.2 12.240.6° 0.14+0.11

U The soluble solids differed significantly among different pollination method in ‘Niitaka’ pear (p<0.0001, One-
way ANOVA test and Tukey HSD).

3 ol A E, Al 8 AFSRe AN B4

A Zg dolHY FEE F 2
Table 69 YERNSATE 1 ha@d A2HFS QA-FE0] 27,590 kg, A UFFIE 2
25,030 kg2 A4 9;11:}. A9n| 2 x3ste] AL | hal £5YLe AFFE 72
A EE 70,0704 Y, B 672200 Q o082 FALJL o] AHRS Fdto] A5 B
Ak @ﬂr QlFFEY £FAAFE 10002 3RS uf, AYHILL 97.0% F
EHE B1%EA AFTE] AGHAIH Y EHET 242 3.0%, 6.9% = AHE
ERA AT Lee 5(2013)2 “2lar voA 4, ASFHIE 2 AT AALES
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Table 6. Analysis of economic profit of ‘Niitaka" pear produced by A mellifera, B. terrestris
and artificial pollination

. DTotal fruits|?’Amount off *Gross [’Production Economic Profit
Pollination method | S0 | \eighy duct/ | income/
ollination metho fruit (g) weight/tree | produc 1ncome; cost SNet income/| Index
(kg) 1 ha (kg) |1 ha (won)| (won) 1 ha (won) (%)
A. mellifera 713 42.8 25,030 68,429,000 1,200,000 | 67,220,000 93.1
B. terrestris 737 442 25,870 |70,725,000| 650,000 | 70,070,000 97.0
Artificial pollination 786 472 27,590 75,399,000 3,500,000 | 72,249,000 | 100.0

Y Fruit weightx130 fruits/tree

? Total fruits weight/treex27 trees/1,000 nf (Cultivated area of a pear tree: 36 nf)

» Amount of product/10 axMarket price of ‘Niitaka’ pear on Garak-dong agricultural & marine products market
in Korea (41,000/15 Kg)

9 Pear pollens (Germination rate: 70%, 800,000 won/200 g)+Developed pollen extender (“Soeksongja”, 120,000
won/600 g)+Tools of artificial pollination (150,000 won)+labor costs (20 mansx1 dayx104,000 won)

% Gross income - production cost
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T olul A ) A Ae EE SHAFOR st suullege 2
&9 Ao}, FUFA] W7k A F YOBE AF D dgre] vole 33 F A
B4 AN 2ol HBAT How YAEn

ollo] zAE e FEEE, AwHo Uw BEolA Hagolu Ha 27
A 2T o), AFFEol FRuATFRYG O BEHOR BeAth Tt s
NEFL o832 WMol ABFEE L W FAFDINE BAHOZ ol7} 1A
AL, YR AFFEO] e ATE RelFUAW T Fol 10% vtk B B
Mol M QIF5E o) SO F] o] §A w5l A o4 03.97% FEol Ak o)
gsiol BysE FH alowt BPogel) FRIT SO AT YHEFe /)
A 5 AEE AAFES B A3 B 9

o= ] 3L

= T

TH(Kim et al., 2003). o]ol] AFFHL A A
%]

olm ARH FHr} /5 Aol Yok, ALHL Axne] JHOE AF B *
9, W] RGO A% AR A A5k B WHE ArkLee, 2014). ©W A
B 2o, A3 WA AFFRE thAlstel Bl HIW L HEUMALES AY
Hom WAR s 2 EF AT W) PR el thE hAoE He 5 ot
I AZET o A3 FFA SEAAEZE ol gl AFFR ws) tha Hwhgol
Se A3E Holid, ol AW FFL BRI hex YonE, sEuAEEe M
540] Wold o] & B FE He4ol W] MEOE AAET AT AW FFE 27}

7 AREA g R SolE AeRray, dAeHd 5 Wol e Aol ul$ of

o u

Ao 2 4#HA Aol(Cho et al., 1985; RDA, 2015), Z7}F7F AL 31 e 211 a7}
S A FFol L ATK(Shin et al., 2004). Wb 2R, Al FF3 AE| 7L
Ze

FE I = AEE FFo T 2 ESe] BEEAdoly Hakg 5 v Ed

AU el A s FRESE FAs] sk, A =
oA =9, AFAIES AFrE e AT < vl s
W ke AR A, GACdA = IEFEC] 77.1%E ASFAGEET 130, 2R
HE 120, 139 =3k
FAt shEm2E E
B2 ARG R 2AY 15 £ FF2HAEE et £2E 548
AR A3, lEede] A A7), FAVE #

=
HYPATFE 2-3% w2 A= Yeist. ZAAL £4243%, A5
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1
o
M
h=y
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